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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a boron phosphide-based semiconductor 
device :which includeis a boron phosphide semiconductor layer having a superior 
surface flatness and few crystal defects and which exhibits superior properties, 
and also to provide a method of manufacturing the same. 
SOLUTION: The boron phosphide-based semiconductor device comprises a 
substrate made of single crystal silicon (Si) with {11 1} planes and the boron 
phosphide (BP) semiconductor layer formed on a front surface of the substrate. 
A lower part of the boron phosphide semiconductor layer is made of an 
amorphous material including boron (B) and phosphorus (P), while an upper part 
of it comprises a single crystal layer wherein a plurality of plate-like crystals, 
each being made of single crystal boron phosphide with {1 1 1} planes ({1 1 1]-single 
crystal boron phosjphide) and having a nearly e quilate ra I triangular planar shape, 

are connected to one after another. ^ ^ s > < 3 1 e 
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* NOTICES * 

dPO and INPiT are not responsible for any 
damages caused by the use of this trans lation. 

1 .This document has been translated by computer. So the translation may not reflect the origin-al precisesly. 
2.'*=*** shows the word which can not be translated. 
Sin the drawings, any words are not translated. 



CLAIMS 



:[Claim(s)] 
[Claim 1] 

A substrate which consists of a sflicon (Si) single xjrystal which makes the surface a {IllJ^crystal face. 
The Lynn-ized boron (BP) semiconductor layer provided ^n this substrate face. 

It consists of a single crystal layer with which two or more plate crystals which are the Lynn-ized boron system 
semiconductor devices provided with the above, and make plane shape an approximately equilateral triangle were made to 
connect. 

[Claim 2] 

The Lynn-ized boron system semiconductor device according to claim 1, Wherein each triangle of said plate crystal turns 
one vertex to a uniform direction and is arranged. 
[Claim 33 

The Lynn-ized boron system semiconductor device according to olaim 1 or 2, wherein one side of each triangle of said 
plate crystal is almost parallel to the <110> directions of a silicon single crystal board or Is an abbreviated perpendicular. 
[Claim 41 

On a substrate which consists of a silicon (Si) single crystal which makes the surface a {1 1 iHcrystal face, the Lynn-ized 
boron (BP) semiconductor layer which consists of a lower layer part and the upper levels in a manufacturing method of 
the Lynn-ized boron system semiconductor device to form A source of horon, The 1st process of supplying phosphorus 
sources of the 1st rate of the ratio of concentration (R^ ) to concentration of a source of boron, and forming an 
amorphous lower layer part, Then, a rate of the ratio of concentration of phosphorus sources to a source of boron Is 
made to increase to the 2nd bigger rate of the ratio of concentration (R2) than temporally, By the 2nd process of 
forming the upper levels who consist of a single crystal layer with which two or more plate crystals which are the 
Lynn-ized boron single crystals ({11 1}-Lynn-ized boron single crystal) which make the surface a (1 11}-crystal face, and 
make plane shape an approximately equilateral triangle were made conneclang on a lower layer part. A manufacturing 
method of the Lynn-^ized boron system semiconductor device forming the Lynn-ized boron semiconductor layer. 
[Claim 5] 

A manufacturing method of the Lynn-ized boron system semiconductor device according to claim 4 making R-j or less [ 
0.2 or more ] into 50, and making R2 or less [ 500 or more 1 into 2000. 
[Claim 6] 

LED which is the Lynn-ized boron system semiconductor device given in any 1 paragraph of Claims 1-3, and provided 
and produced a luminous layer which consists of a gallium nitride indium mix crystal (Gaj^In|_j^N) layer on the Lynn-ized 

boron semiconductor layer. 



[Translation done.] 
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[Detailed Destjription of the Invention] 
[0001] 

[Field of the Invention] 

With respect to the Lynn-lzed boron system semiconcluctor device possessing the LynnHzed boron semiconductor layer 
formed on the surface of a silicon (Si) monocrystal substrate, and Its manufacturing method, this invention is excellent in 
especially surface surfece smoothness, and relates to the Lynn-ized boron system semiconductor device possessing the 
Lynn-ized boron semiconductor layer with few crystal defects. 
[0002] 

[Description of the Prior Art] 

Conventionally, since various semiconductor devices are constituted, the Lynn-ized boron (BP) semiconductor layer is 
used. For example, it is used for constituting the n form base (base) layer of a npn assembling-die hetero-bipolar 
transistor (HBT) (J. refer to Electrochem.Soc. 125 (4) and (1978), 633 - 637 pages). It is in a blue laser diode (LD). and is 
used as a contact (contact) layer for forming the low ohmic (Ohmic) electrode of contact resistance (refer to 
JPM 1 6-24256 7,A). It is used as a buffer layer for constituting the light emitting diode (LED) which brings about 
luminescence of short wavelength, such as blue glow (refer to U.S. Pat. No. 6,069,021 item). 
[0003] 

the halogen (halogen) method ("a Japanese crystal growth academic journal".) the Lynn-ized boron semiconductor layer 
uses boron trichloride (BCI3) and a phosphorus trichloride (PCI3) as a starting material from the former Refer to Vol.24, 
and No. 2 (1997) or 150 pages, the hydride (hydride) method (J. Crystal Growth ~ 24/25 (1974)) which uses borane 
(BH3) or diborane (B^Hg), phosphine (PH3), etc. as a raw material refer to the 193-1 96 page and a molecular beam 
epitaxy (J. — Solid StateChem. and 1 33 (1 997).) refer to the 269-272 page and the organometal chemistry gaseous 
phase depositing (MGCVD) method ^InstPhys^ContSer.. No.129 (lOP Publishing Ltd. (\M, 1993).)) which uses an organic 
boron compound and the hydride of Lynn as a raw material It is formed by refer to the 157-162 page etc. 
[0004] 

The silicon single crystal (silicon) is chiefly used for the substrate to which vapor phase epitaxy of the Lynn-ized boron 
semiconductor layer is carried out [ want / to make It] (above 1). J. Electrochem.Soc, 125 (1978) references. However, 
the grating constant of a silicon single crystal is 5.431 A, and the grating constant of cubic sphalerite type Lynn-ized 
boron is 4.538A (refer to the Teramoto "semiconductor device introduction" (March 30, 1995, Baifukan Issue First 

edition), and 28 pages). Therefore, the degree of lattice mismatch of a silicon single crystal and the Lynn-ized boron 
crystal is large with about 16.5% (refer to Katsufusa Shono work, "semiconductor technology (above)" (June 25, 1 992. 
University of Tokyo Press issue 9 **), 97 - 98 pages). 
[0005] 

That the Lynn-ized boron semiconductor layer of a single crystal grows on a silicon single crystal board, For example, in 
halogen vapor phase growth, being limited to the range of 1020 to 1070 very narrow temperature [ 50 ** ] is found 
(the Nishinaga "applied physics" (refer to volume [ 45th ] No. 9 (1976) and B91-897 pages).). By the hydride method 
used as a raw material, borane (BH3) and phosphine (PH3). It is based on a slight change of vapor-phase-epitaxy 
conditions, and being generated in the Lynn-ized boron semiconductor layer by the twin crystal (twinning) which is a kind 
of stacking fault (stacking fault) is taught (refer to the aibove-mentioned "the semiconductor technology (above)", 99 - 
too pages). 
[0006] 

[Problem(s) to be Solved by the Invention] 

The problem of the conventional technology for carrying out the vapor-phase-epitaxy means of the Lynn-ized boron 
semiconductor layer on the silicon base surface, The lattice mismatch of the Lynn-ized boron semiconductor layer and a 
silicon single crystal was size, and since crystal composition or a manufacturing method effective in making it fully ease 
was not clear, it suited that the Lynn-ized boron semiconductor layer which is excellent in surface surface smoothness 
could not be obtained regularly. For the Reason of being generated by twin crystal therefore, it was primarily stabilized in 
change of the vapor-phase-ep itaxy conditions few [ range / the range of the temperature which can carry out vapor 
phase epitaxy of the Lynn-ized boron semiconductor layer of a single crystal is narrow, and ], and the single crystal layer 
of Lynn-ized boron with few crystal defects was not able to be manufactured to it. Therefore, it is fully stabilized and did 
not come to provide the Lynn-ized boron system semiconductor device which can demonstrate the good characteristic. 
[0007] 

This invention is excellent in surface surface smoothness, and possesses the Lynn-ized boron semiconductor layer with 
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few crystal defects, and an object of this Invention is to provide the Lynn-ized boron system semiconductor device which 

can demonstrate the good characteristic, and its manufacturing method. 

[0008] 

[Means for Solving the Problem] 
Namely, this invention, 

(1 ) A substrate which con&ists of a silicon (Si) single crystal which makes the surface a {11 1)~crystal face, In the 
Lynn-ized boron system semiconductor device provided with the Lynn-ized boron (BP) semiconductor layer provided on 
this substrate face, A lower layer part of this Lynn-ized boron semiconductor layer consists of an amorphous substance 
containing boron (B) and Lynn (P), The Lynn-ized boron system semiconductor device which the upper levels of this 
Lynn-ized boron semiconductor layer are the Lynn-ized boron single crystal ({11 1 J^LynnHzed boron single crystal) which 
makes the surface a {11 l}-crystal face, and is characterized by consisting of a single crystal layer with which two or more 
plate crystals which make plane shape an approximately equilateral triangle were made to connBct. 

(2) The LynnHzed boron sy^em semiconductor device given in the above (1), wherein each triangle of said plate crysta;l 
turns one vertex to a uniform direction and is arranged. 

(3) one side of each triangle of said plate crystal is almost parallel to the <1 1G> directions of a silicon single crystal board 
— or — abbreviated — the Lynn-ized boron system semiconductor de\^ce the above (1) characterized by a vertical 
thing, or given in (2). 

On a stibstrate Which consists of a silicon (Si) single crystail which makes the surface a {111)^cry^al face, the Lynn-ized 
boron (BP) semiconductor layer which consists of a lower layer part and the upper levels in a manufacturing method of 
the Lynn-ized boron system semiconductor device to form (4) A source of boron, The 1st process of supplying 
phosphorus sources i^F the 1st rate of the ratio of concentration (R^ ) to concentration of a source of boron, and forming 

an amorphous lower layer part, Then, a rate of the ratio of concentration of phosphorus sources to a source of boron is 
made to increase to the 2nd bigger rate of the ratio of concentration (R2) than temporally, By the 2nd process of 

forming the upper levels who consist of a single crystal layer with which two or more plate crystals which are the 
LynnHzed boron single crystals ({1 1 1 HLynn^zed boron single crystal) which make the surface a {1 1 iHcrystal face, and 
make plane shape an approximately equiiatera I triangle were made connecting on a lower layer part. A manufacturing 
method of the Lynn-ized boron system semiconductor device forming the LynnHzed boron semiconductor layer. 

(5) A manufacturing method of the Lynn--ized boron system semiconductor device given in the above (4) making R^ or 

less i 0.2 or more ] into 50, and making R2 or less [ 500 or more ] into 2000. 

(6) LED which is the Lynn-ized boron system semiconductor device the above {1) thru/or given in any 1 paragraph of (3), 
and provided and produced a luminous layer which consists of a gallium nitride indium mix crystal (Gaj^In|_j^N) layer on the 

Lynn-ized boron semiconductor layer. 

It comes out. 

[0009] 

[Embodiment of the Invention] 

The Lynn-ized boron semiconductor layer concerning this invention depends on vapor-phase-epitaxy means, such as the 
halogen process, the hydride method, a molecular beam epitaxy, and the MOCVD method, and is grown up on the surface 
of the silicon single crystal ({11 1}-silicon single crystal) which makes the surface a [1 1 1}-crystal face. Since Si atom 
exists in the {1 I ll-crystal face which makes the surface of a {1 1 1]-silicon single crystal densely as compared with other 
mirror (Miller) index sides of the low next, it is controll ing osmosis in boron and the inside of a silicon single crystal board 
of Lynn, and diffusion with dominance. As a temperature which carries out vapor phase epitaxy, 750 ** — 1200 ** are 
suitable. Since it is generated by the Lynn-ized boron crystal (J. refer to Am. Ceramic Soc, 47 (1 ) and (1964), 44 — 46 
pages) of polymers, such as B13P2, the elevated temperature over 1200 becomes Inconvenient for forming the 

Lynn-ized boron layer of the single crystal of a monomer. In order not to make the oxidized silicon film which blocks 
growth of the Lynn-ized boron semiconductor layer form in the surface, it is preferred for a silicon single crystal board to 
heat not within oxygen environment but in the atmosphere of a non-oxidizing quality. In order to avoid formation of the 
silicon nitride film which blocks the vapor phase epitaxy of the Lynn-ized boron semiconductor layer (masking), heating in 
the atmosphere which does not contain nitrogen (N2) Is suitable. The atmosphere which consists of monatomic inactive 

gas, such as a hydrogen atmosphere or argon (Ar), can be used suitaibly. 
[0010] 

The Lynn-^ized boron semiconductor layer of this Invention has the feature in internal crystal composition, and the lower 
layer part comprises an amorphous substance including boron and Lynn. A lower layer part is a layer located in a 
downward pars basilaris ossis occipitalis to the surface of the Lynn-ized boron semiconductor layer. An amorphous layer 
■Including boron and Lynn can be formed by making the ratio of the concentration of the phosphorus sources to the 
concentration of the source of boron at the time of vapor phase epitaxy, and what is called a V/III ratio into a low value 
In comparison. It can form efficiently by setting a V/III ratio or less to 50 by 0.2 or more especially. The concentration of 
the source of boron and phosphorus sources shall be expressed with molar concentration, respectively. In less than 0.2 
extremely low V/III ratio, the concentration of boron becomes superfluous relatively and the inconvenience concluded in 
the amorphism layer which lacks in the surface smoothness of the surface where the crystal grain of hemispherical boron 
crowded is produced. In the V/III ratio exceeding 50, the Lynn-ized boron layer of the polycrystal with which single 
crystal grains are scattered may be formed in an amorphous layer, an amorphous substance cannot be formed certainly, 
and it is not desirable. It can be amorphous, or distinction of polycrystal and a single crystal depends on an X diffraction 
means or an electron diffraction method, and it can distinguish. 
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I0Q11] 

0n the amor;|ihous layer to which vapor phase epitaxy of the V/JII ratio was carried out as the 1 st above--mentioned V/IU 
ratio (it -is considered as R^). the single crystal layer of LynnHzed boron Is formed with the 2nd V/III ratio (it is 
considered as R^) as the upper levels of the Lynn-^ized boron semiconductor layer. The upper levels of the Lynn-ized 
boron semiconductor kyer of this invention are the LynnHzed boron single crystal ({11 l3^Lynn~ized boron single crystal) 
which makes the surface a {1 1 1]^crystal face, and consist of a single crystal layer which two or fnore plate crystals 1^ 
which have the plane shape of an approximately equilateral triangle acGumulated so that it may illustrate typically to 
drawing 1 . A length of one side of the plate crystal 10 is about 100-200 nm here. It is the feature that the plate crystal 
10 is arranged in the direction with the same vertex 12 to the triangular base 11.. By arranging the plate crystal 1 0 
uniformly in the same direction, have arranged In the position of mirror image relationship. Generating of the twin crystal 
resulting from the so-called crystalline (refer to Ryukidhi Hashiguchi, **** ^*******, a "thin film surface phenomenon' 
(Asakura Publishing issue material science lecture 6), 49 - 50 pages) of double arrangement (double spacing) can be 
prevented, and effect can be achieved for obtaining the Lynn-ized boron single crystal layer with few crystal defects. The 
direction by which the tabular single crystal body of the approximately equilateral triangle is arranged depends on 
observation of the surface of the Lynn-ized boron single crystal layer which used the atomic force microscope (AFM). for 
example, and can be judged. 
[0012] 

Especially, if 13 [done^side ] is arranged so that it may become almost parallel to the <1 1 0> crystal orientation of a silicon 
single crystal, the plate crystal 10 of an approximately equilateral triangle. It is that cleavage divides the Lynn-ized boron 
single crystal layer simply conjointly with the cleavage directions of the silicon single crystal of a diamond (diamond) 
crystal structure being <1 1 0> crystal orientation with convenience. 13 [ one-side ] is made almost parallel to the <110> 
crystal orientation of a silicon single crystal board, or vertical, and in order to carry out vapor phase epitaxy of the plate 
crystal of the Lynn-ized boron arranged uniformly in the same direction, it is necessary to make the 2nd ratio (=R2) or 

less into 2000 by 500 or more. It is so preferred to make R2 into a high price that temperature to which vapor phase 
epitaxy of the plate crystal is oarried out is made Into an elevated temperature. The 2nd ratio (= R2) depends on mass 
flowmeter (MFC) etc., and the amount of supply of the source of boron at the time of vapor phase epitaxy and 
phosphorus sources is controlled precisely, and it ac[iusts it. [ as well as the 1st ratio (= R-|) 3 The thickness of the tabular 

Lynn-ized boron single crystal body is controllable if the feed time of the source of boron is adjusted. 

[0013] 

The tabular Lynn-ized boron single crystal body of the approximately equilateral triangle roundish to the top part in the 
2nd ratio (= R^) being less than 500 is obtained, and, as for many, the layer in which these plate crystals and amorphous 
substances are intermingled is obtained. If R2 exceeds 2000, the tabular Lynn-ized boron single crystal body of the 
approximately regular triangle form which has one side almost parallel to the {1 10} crystal orientation of a silicon single 
crystal board or vertical may not come to be stabilized. The angle which the {110} crystal orientation of a silicon single 
crystal and one side of the tabular single crystal body of approximately regular triangle form make tends to become large, 
so that R2 is made large. If thickness of an amorphous layer which, in addition, carries out vapor phase epitaxy of the R2 
with the ratio of R^ for setting It as the above-mentioned suitable ratio is made thin. The tabular Lynn-^ized boron single 
crystal body of the approximately equilateral triangle which arranges in the uniform direction and makes one side almost 
parallel to the {110} crystal orientation of a silicon single crystal board or vertical can be obtained. The thickness of an 
amorphous layer may be 20 nm or less at not less than 2 nm preferably. Amorphous thickness increases, and the 
influence of the {1 1 t}-crystal face of a silicon single crystal becomes weaker, and even the tabular Lynn-ized boron single 
crystal body which makes plane shape an approximately triangle is no longer obtained regularly. 
[0014] 

A V/llI ratio can be increased If the quantity of the amount of supply of phosphorus sources is made to increase 
gradually temporally m order to make a V/IH ratio increase from R^ to R2 "for example, holding uniformly the amount of 
supply to a vapor-phase-epitaxy system of the source of boron. For example, seting the amount of supply of ^(C^H^) B 
constant, the flow of PH3 is made to increase gradually and a V/III ratio is made to increase. Or maintaining the amount 

of supply of phosphorus sources uniformly, the amount of supply of the source of boron is decreased, and a V/IH ratio ijs 
made to increase to R2. Or the amount of supply of phosphorus sources Is made to increase by the rate of increase 
which exceeds the rate of increase of the amount of supply of the source of boron, and a V/M ratio is made to increase. 
It is preferred for the source of boron to supply so that the growth rate (increasing speed of thickness) of the tabular 
Lynn-ized boron single crystal body of an approximately equilateral triangle may be set to per minute 15 to 30 nm/ m. 
Decreasing a growth rate extremely causes extension of growth time. That is, the Inconvenience which makes the time 
when an amorphous layer including a silicon single crystal board and boron, and Lynn is exposed at an elevated 
temperature extend, promotes the reaction of boron or Lynn, and Si crystal, and makes the joining interface of a silicon 
single crystal board and an amorphous layer make it disorderly is caused. 
[0015] 

The upper levels' Lynn-ized boron single crystal layer is constituted from the tabular {1 1 1}-Lynn-lzed boron single crystal 
body like the above by the approximately regular triangle form arranged with a fixed direction. Therefore, it is the good 
Lynn-ized boron single crystal with little twin crystal (or stacking fault) contained. Since the surface of each tabular 
single crystal body comprises uniformly a {1 1 1}-crystal face of the Lynn-ized boron arranged in parallel with the 
{1 1 1}-siiicon crystal face which makes the surface of a {1 11}-silicon single crystal board, it is flat. Therefore, on the 
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Lynn-ized boron single crystal layer Goneernlng this invention, there is also little twin crystal to spread and the upper 
layer wNch is excellent in surface surface smoothness can be formed. For example, a good crystalline gallium nitride 
(GaN) system semiconductor layer with small crystal defect density can be formed as the upper layer. The Lynn^ized 
boron system semiconductor device, for example, LED, provides and constitutes the input output electrode of ohmic 
(Ohmic) nature in the laminated structure body provided with the GaN layer which is excellent in the above-mentioned 
crystallinity as a lower clad layer. 
[0016] 
[Function] 

. Include the boron and Lynn which were formed with 1st V/IIl ratio R-| , and also [ amorphous ] carried out vapor phase 

epitaxy. Making plane shape into an approximately equilateral triangle, the plate-like single crystal body which consists of 
a {1 11}-Lynn^ized boron single crystal uniformly arranged in the same direction has the operation which brings aibout the 
Lynn-ized boron semiconductor layer containing a good single crystal layer with low twin crystal (or stacking fault) 
density, almost paraHel to the <1 10> crystal orientation of the silicon single crystal board which is especially a cleavage 
direction — or — abbreviated — the tabular single crystal body which consists of a {1 1 1)-^Lynn-ized boron single crystal 
which arranged one side of an approximately equilateral triangle in the vertical direction has the operation which makes 
easy cleavage to the <110> crystal orientation of the Lynn^^ized boron semiconductor layer. 
[0017] 
[Example] 

(The 1st working example) 

In the t st working example, the case where depended on the ordinary pressure MOGVD means and vapor phase epitaxy 
of the LynnHzed boron (BP) semiconductor laiyer is carried XM-it on a <1H )"si;licon single crystal board is made into an 
example, and the contents of this invention are explained concretely. 
[0018] 

In the i st working example, the silicon single crystail which uses as the surface - (1 1 1 ) silicon crystal face which used the 
angle in [1 10] crystal orientation and inclined 2 degrees was used as a substrate. It inserted in the vapor^phase-'epitaxy 
field in the product MOGVD vapor^phase-epitaxy furnace made from a quartz rectarigular pipe of a high grade, after 
laying a substrate horizontally on the mounting base (suseeptor) made from high grade graphite. Then, temperature up of 
the temperature of a substrate was carried out to 850 with the high-frequency-induction-heating method, circulating 
in a vapor^phase-epitaxy furnace considering about 16 L/m of high-purity-hydrogen gas as career (carrier) ^gas. The 
appropriate back supplied the phosphine (PH3) made into the boron triethyl (C2H5) (3B) made into the source of boron, 

and phosphorus sources to the vapor-phase-epitaxy field. Boron triethyl was supplied by making it foam with hydrogen 
gas and making the steam of boron triethyl accompany to the foaming service-water matter gas. The flow of foaming 
service-water matter gas was precisely controlled to 45 cc/m using electronic formula mass flowmeter (MFC), setting the 
Goncentratbn of the boron trlethy^l accompanied to a normal condition 10 ^% 1 atmosphere) — per minute " it was 

-4 

converted with the 1 .34x1 0 mol (mol). On the other hand, conceritratlbh of the phosphine supplied to a 

-3 

vapor-phase-^epitaxy field was considered as a part for 2.14oc10 /. That is, the V/Ifl ratio was set to 16^0. The circulation 
to the vapor-phase-epitaxy field of the source of boron and phosphorus sources was continued [ while supplying the 
source of boron, and phosphorus sources by the above-mentioned concentration, and ] for 2.5 minutes, maintaining a 
V/ni ratio into the 1st above-mentioned ratio (R;|, however R|=16). From this, the amorphous layer including the boron 

which sets thickness to 20 nm, and Lynn was formed on the (1 1 1 )-Si substrate. 
[0O19] 

The concentration of the source of boron supplied to a vapor^phase-epitaxy field was reduced and combined with a part 

-5 -2 
for 1 .49x10 mol/, and the amount of supply of phosphorus sources was made to increase to a part for 1 .93x10 mol/ at 

the same time it terminated the vapor phase epitaxy of the above-mentioned amorphous layer. That is, the V/lII ratio 
was raised from the 1st V/III ratio (R^ ) to 1295.3 of the 2nd V/III ratio (^2)- Maintaining the 2nd V/IJI ratio to this value, 
supply of the source of boron and phosphorus sources was continued for 5 minutes, and the Lynn-ized boron 
semiconductor layer of p form which sets thickness to 300 nm was formed on the above-mentioned amorphous layer. 
After suspending supply to the vapor-phase^epitaxy field of the source of boron and ending formation of the Lynn-ized 
boron semiconductor layer, the (11 1 )-silicon single crystal board was cooled compulsorily to the temperature near the 
room temperature, and automatically within the gaseous mixture atmosphere which consists of hydrogen carrier gas and 
phosphine. 
[0020] 

After cooling, it depended on general X diffraction measurement and electron diffraction measurement, and the crystalline 
form of the above-mentioned amorph ism layer was checked, the halo which does not have a diffraction mottle in X 
diffraction measurement and electron diffraction measurement — the (halo) diffraction pattern was obtained and having 
been an amorphous layer was admited. On the other hand, the diffraction from the (1 1 1 )~crystal face of Lynn-ized boron 
appeared in the X diffraction pattern of the Lynn-ized boron semiconductor layer. The appearance of the clear diffraction 
peak from the (11 1)-crystal face of the Lynn-ized boron semiconductor layer wrote the amorphous layer with the thin 
layer moderate like the 1st working example, and since the arrangement of -Si crystal face Which makes the surface of a 
substrate (1 11) was inherited, it was interpreted. When the surface of the Lynn-ized boron semiconductor layer was 
observed using the common atomic force microscope (AFM), it was recognized visually that two or more plate crystals of 
an approximately equilateral triangle which was illustrated to drawing 1 are accumulating all over the surface reflecting 
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the plane shape of a (1 1 1)-Lynn-ized boron crystal. The plate crystal of the approximately equilaterartriangle had aligned 

;in the uniform direction parallel to the <11 0> directions of the silicon single crystal of a substrate. 

[0Q21] 

(The 2nd working example) 

In the 2nd working example, the case where LED is produced using the laminated structure body provided with the 
LynnHzed boron semiconductor layer concerning tKis invention is made into an example* and the contents of this 
invention are explained concretely. 
[0022] 

The mimetic diagram of LED1A concerning the 2nd working example is shown in drawing 2 . The cross section of LED1A in 

alignment with dashed line X-X' shown in drawing 2 is shown in drawing 3 . 

[0023] 

By the same method as the 1 st above-mentioned working example, on the p (L1 1)~silicon single crystal board 101 of 
type, Vapor phase epitaxy of the amorphous layer 102 which includes boron and Lyrtn by making a V/Hl ratio into 

{=16.0) was carried out, and vapor phase epitaxy of the p form Lynn~ized boron semiconductor layer 103 was further 
carried out by making a V/lII ratio into R2 (=1 295.3). In LED concerning the 2nd working example, p form Lynn-ized boron 

semiconductor layer 103 whidh consists of a (1 11)-Lynn-ized boron single crystal of a monomer was used as the lower 
clad layer 1 03. the carrier concentration of ^p type Lynn^ized boron semiconductor layer Which makes the lower clad 

1 9 ~3 

layer 1 03 (111) — about — It was 2x1 0 cm . 
[0024] 

On the lower clad layer 103, the upper clad layer 105 which consists of the luminous layer 104 and an n form Lynn^ized 
boron layer was made to laminate one by one, and the laminated structure body I B of the LED 1 A use was formed. The 
luminous layer 1 04 consisted of gallium nitride incllum mix crystal (Gaj^Inr^ _j^N) layers of n form. A Gaj^In:| „j^N layer, It 

forrned at 850 ** using the MOCVD method of trimethylgallium (GH3) (3 Ga) / trimethylindium (OH3) (3 In) / ammonia 

(MH3) / nitrogen (N^) system of reaction. The indium composition ratio (=1-x) of Gaj^!n^_j^N of a hexagonal wurtzite 

crystal form, It could be 10% (=0.10) so that it might become a grating constant of the a-axis corresponding to the 
interval (about 3.21 A) of the {1 1 0]-crystal face of t:he LynnHzed boron which crosses at right angles to the (1 1 1)-orystal 
face of the Lynn-ized boron which makes the surface of p form Lynn-ized boron semiconductor layer 103. Next, the 
addition to the foaming service-water matter gas and the vapor-phase-epitaxy field of phosphine which accompany the 
steam of boron triethyl was resumed, and the Lynn-ized boron crystal layer of n form which makes the upper clad layer 
105 was formed. The thickness of n form Lynn-ized boron crystal layer 105 could be about 300 nm. The carrier 
concentration of the same layer 105 which depended on the usual electrolysis G-V method, and was measured was 
19 -3 

abbreviation 1 x 1 0 cm . The addition to the vapor^phase-^epitaxy field of the foaming service-water matter gas which 
accompanies the steam of boron triethyl was stopped, and formation of n form Lynn-ized boron crystal layer 105 was 
ended. Then, the temperature of the laminated structure body 1 A was lowered at about 600 ** in the mixed atmosphere 
of phosphorus sources (PH3) and hydrogen carrier gas. Then, supply of iPM3 to a vapor-phase-epitaxy field was 
suspended, and the laminated structure body 1 A was cooled to near the room temperature in H2 air current. 
[0025] 

The n form ohmic electrode 107 which becomes a side in contact with the same layer 105 from the three^layer layered 
structure of Au-germanium / nickel (nickel) / Au which has arranged gold and a germanium (Au-germanium) alloy film was 
formed in the center section of the upper clad layer 105 which consists of an n form Lynn-ized boron crystal layer which 
makes the surface of the laminated structure body IB. The n form ohmic electrode 107 which serves as the plinth (pad) 
electrode for connection was used as the circular electrode which shall be about 150 micrometers in diameter. To the 
approximately whole area of the rear face of p form silicon single crystal board 101 , the p form ohmic electrode 108 which 
consists of gold (Au) has been arranged. The thickness of Au vacuum evaporation film could be about 3 micrometers. 
LED1A of the pn junction type DH structure which pinched the n form luminous layer 104 in p form Lynn-ized boron 
layer 103 and n form Lynn-ized boron layer 105 consisted of this. Since each had about 3-eV band gap at a room 
temperature, p form Lynn-ized boron layer 103 and n form Lynn-ized boron layer 1 05 have been effectively used as a 
barrier layer (clad) layer to the luminous layer 104. 
[0026] 

Cleavage of the laminated structure body I B was carried out to the <1 10> crystal orientation of the silicon single crystal 
board 101 , and it divided into the chip (chip) of the square which sets one side to about 350 micrometers. Since - plate 
crystal which makes the (1 1 1)-Lynn-ized boron semiconductor layer of the lower clad layer 103 (1 1 1) arranged one side 
uniformly in the direction parallel to the <1 1 0> directions, or vertical, cleavage to <110> crystal orientation has been 
carried out easily. When conduction of the actuating current of 20 mA (mA) was carried out to the forward direction 
between the n form ohmic electrode 107 and p form OMITS U electrode 108, the violet band light which shall be about 
440 nm in wavelength from LED1A was emitted. The luminosity in the chip state measured using a common integrating 
sphere will be a 9-mcd (mod), and LED1A of high luminescence intensity will be provided. Since the surface of p form 
Lynn-ized boron semiconductor layer 103 provided via the amorphous layer 102 including boron and Lynn was what is 
excellent in surface smoothness, it has formed the pn junction structure which makes a joining interface flat by the n 
form luminous layer 104. p form Lynn-ized boron semiconductor layer 103 with the flat surface was written with the 
foundation layer, and the surface of the luminous layer 104 also became flat conveniently, and has formed the pn junction 
structure of the flat Joining interface by the upper clad layer 105. for this reason, forward voltage (however, when forward 
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current is 20 mA) — about — it will be referred to as 3.1V and Lynn-ized boron system LED which has a rectifying 
characteristic based on the good pn junction structure which makes reverse voltage more than 5 V (however, when a 
reverse current is set to 1 0microA) will -be provided. 
[0027] 

[Effect of the Invention] 

In the Lynn-ized boron system semiconductor device provided with the substrate which consists of a silicon single 
crystal which makes the surface a {1 1 1}-crystal face, and the Lynn-ized boron semiconductor layer provided on the 
{1 1 1}-Grystal face of a substrate face, ff it depends on this invention, The lower layer part of this LynnHzed boron 
semiconductor layer consists of an amorphous substance containing boron (B) and Lynn (P), The upper levels of this 
Lynn-ized boron semiconductor layer are the LynnHzed boron single crystal ({1 1 1]-Lynn-ized boron single crystal) which 
makes the surface a t^hcrystal face, Since it constituted so that it might consist of a single crystal layer with which 
two or more plate crystals which make plane shape an approximately equilateral triangle were made to connect, there is 
nothing to the former and the vapor p^hase epitaxy of the LynnHzed boron single crystail layer which \s excellent in 
surface surface smoothness can be carried out in a wide temperature requirement. Therefore, if the pn junction structure 
which has a flat joining interface can be constituted and being spread, it can contribute for bringing about the LynnHzed 
boron system semiconductor light emitting element with a good rectifying characteristic. 
[0028] 

Since each -triangle of the plate crystal of the upper levelis who make the Lynn-ized boron semiconductor layer turns one 
vertex to a uniform direction and was arranged in this invention again, Effect can be achieved for being stabilized and 
carrying out vapor phase epitaxy of the Lynn-ized boron single crystal layer which is excellent in crystallinity with small 
crystal defect densities, such as twin crystal, and if spread, it can contribute for bringing about the Lynn-ized boron 
system semiconductor device which can demonstrate the good pn junction characteristic. 
[0029] 

Since we decided to make it align in the uniform direction and to arrange in this invention so that one side of each 
triangle of the plate crystal which forms the upper levels of the Lynn-ized boron semiconductor layer might be almost 
parallel to the <110> directions of a silicon single crystal board or might be an abbreviated perpendicular, The simply 
individual LynnHzed boron sy^em semiconductor device is obtained using the cleavage to the <1 1 Q> directions of a 
silicon single crystal. 
[0030] 

If it depends on this invention, after forming a lower layer part amorphous as 50 or less for the rate of the ratio of 
concentration of the source of boron, and phosphorus sources stipplled at the time of vapor phase epitaxy or more by 
0.2/By making the rate of the ratio of concentration of the source of boron, and phosp^horuis sources or less into 2000 by 
500 or more ;[ bigger ], and carrying out vapor phase epitaxy of the plate crystal w/hich consists of a (1 11 ^LynnHzed 
boron single crystal of an approximately equilateral triangle on amorphous. Since the Lynn-ized boron single crystal layer 
which makes the upper levels is formed, crystal defect densities, such as twin crystal, are low, it excels in surface surface 
smoothness, and effect is taken by bringing about the LynnHzed iboron single crystal layer which makes easy separation 
for the individual element which depends on cleavage. 
[Brief Description of the Drawings] 

rPrawing 11 lt is a mimetic diagram showing the upper levels of the LynnHzed boron semiconductor layer which consists of 
a single crystal layer with which two or more plate crystals which make plane shape an approximately equilateral triangle 
were made to connect. 

[Drawing 2ll t is a mimetic diagram of LED concerning the 1 st working example of this invention. 
[Drawing ;3ll t is a cross seotion In alignment With dashed line X-"X' of LED shown In drawing 2 . 
[Description of Notations] 

10 The plate crystal which consists of a Lynn-ized boron single crystal which makes plane shape an approximately 
equilateral triangle 

1 1 The base of a plate crystal 

12 The one peak of a plate crystal 

13 One side of a plate crystal 
1A LED 

I B Laminated structure body 

101 Monocrystal substrate 

102 Amorphous layer 

103 Lynn-ized boron single crystal layer (lower clad layer) 

104 Luminous layer 

1 05 Upper clad layer 

1 07 n form ohmic electrode 

1 08 p form ohmIc electrode 



[Translation done.] 
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2 m mJte(±-e 2 0 n mfc(Tfc o K © B IP :^)^ ±i An "T ^ fc ft fc . S***SII© U 

•r i^^Wm fc ff 4a.5§: < , 
[ 0 0 14] 

R , <fc R 2 -^fcy I I ^ itm^mm:^ ^^icit. m^ n. mmmommMmm^eom 
«&M^-:Sfc«# Loc) . V >m^mmm^mmmi^mmmicmm^ "^nis . v , i i i 

J:t * ^ tgljn T- $ § , M a' . ( C 2 H 5 ) 3 B © ft a — m fc L -3 -3 . P H 3 © ?fft M >Sr 
a ® S9 fc m iia ^ -t V I I i itm ^ m m * S § . ^ & :t± . y :^ « © :« a ^ — fc It ft 

i!«js©«:m«^i^it>?-&r. y , ' I ;i i ft ^ * r 2 {^^ tt to ^ : a , m m 

*:ii©«l&«©ig*n*^±[Hi5«iin*i?y >'jii©«|§^;^|gjp ^ ^-^ y j j j ^^^^^^ 

m ^ ^ n * il , m IE H ft 1^ © « w © y > fi: si * ^ ig Wb wcomm m m < mj? © m m m 

m ) tf » # 1 5 n m ^ » ^ 3 0 n m t ^ ^ « fc {ft f ^i. © i)^ «F 31 X m ^ , fig S 31 S ^ M 

:S fc M 'i^ ^ * ^ c fc (± , « « M © m « IS < sp ^ . « ^ * m m m m wct^ m m t y • > fc 

* a- K ■ fc a s » a ? n ^ et ig ^ a e ? , m m m tz u y > fc s i ig h^b t © 
ts * 31 ^ > ^ * # ig a fc * n a fc © ^ ^ n m ^ a m (t ^ « « ¥ ^ s < 

[00 1 5 ] 

±)lg|5© y >ft:ii«#|gii,ii ^± , ±f3©^n < -^©77 [^^# ^ r leB L BS.iEHft 

Ifi © i 1 1 1 ■ - y > f t: M * ¥ IS B^B f* e « JlSc 5 4X T l ^ « :, Vl'Si r . a- s t i ^ M B^ ( ^ 

fz a m m x m > © t, ^ m k © y > ft m * m fc & t .1 ^ ^ , s , s- « « m is b^b f* © so 
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mm&. 11 1 11 -mmmmM>mm<Dmm^^-^ ii i ii - mm mskm iconic mm 

^ . m -^x . ^mm i=i m^^ v y itmmmmMM ± ^ . &m v x m. ^ mm ^ 'p r^ < . m 
m © ¥ ±1 14 ic m H ^ ± m ^ m m x # ^ . w ;^ is ig 5^ « m m. <d a-^ ^ a if? ^s: © s 
It y 1. ( G a N ) ^.^^mwm^ ±m t l t it-f:- ^ -s . y v ft n « is 4^ w « ? , w 

;t i£ L E D i± . ± la <D M -H '14 K M ti^ G a nm^T^^ y K S i: L T « ;^ ife « « « it » 

- ^ y ( o h m i c ) ' i4 <o A • mt}mm^mifxmm.f^ 

[00 1 6 ] 

m 1 O V " I I I tb * R 1 ^ o T M m L 18 « i: U > i: ^ ^ is m M M ± n M M S ? 10 
liifgg:^^ ^ S ¥ « * IS fi, f* . MMi ( S fc««M5^fij ^j^Tb^h j 

m ^ ^'ts V >'^mm^mmm^ tc & # ft a %*-r « Sfc # t it iig.:&::rR] mmm 

hit M 1 1} - y >{t:fffl«*ISs1.*^ B5S:«««©»:M@#:tt. y < 

1 1 0 > mm ^(D mm&nm t -r s # a -r « . 

[ 0 0 17] 

immmi 

i m 1 m m w\ ) 

1 jt*i?j -e t± . (1 1 1) -mmmmmmm^ic. nsMo cvD^mi^&v v^it 20 
mm TB p ) *w#»^mfflfi!<,s ^-&ic«:&^ gij{c Lx . ^ © 1*1 eg tcmf^-r 

[ 0 0 1 8 ] 

m^mm t -r^ mm mmm %m m. t vxm m v ft, m «^ -mmm. -y r y mm mm^ 

{ s u s c e p t o r ) ± fc ;f< ¥ ic « L fc ^ , ft M S ® © ^ ft ft S M O C V D M If fig « 

ip\HoMm&smmicmKhit , MiiBScSJpp^iiiii^^^ 1 e y h ;Koi«MSf7j< 

^' X Jgr df^ ir y 7' ( g a r r 1 e r ) ^" X i: L T It il L- , ift M ife K # SB:M 73 ^ j; ij 

. mm&mm^ s s o ic #m l ft . . t Lit sh y x ^ jui * ( < c 2 m 5 

) 3 B ) S: tf y > Ii L fc X :7 ^' > ( P H 3 ) >£r M ffi Jt -R SI « tt M L fc : h y a: ^ 30 
S C i: (c J; D :«^Sbfc,. li^SM X O ?t«l± . :«?i\:K«M:Mtt ( M F € ) ^ffifflL 

Tft^^- 4 5 c c }cii« tMffli L fee :ia# sn^ h y x.^ ji^mmmmmti ^ mmmm < o °c 

- IM!±'> {et^■^.^T. tt^j^ 1 . 3 4 :•; 1 " t (mo 1 ) fcB*^tlfc, —73, ^ ffl 

)t SffiiS « s n ^ * X :7 Y >- c> :?g fi t± .. 2 , 14X10"^ i& t V tt , IP 5 , y 

I I I it m it 16. 0 J; -3 fc , iS * M iS: Xf V y M i 12 O U S T- ft l o -3 , fl. V 

I I I l:t^J&±iH©:|B 1 ©It* ( :R 1 , fi L R 1 = 1 6 ) ii:|6^.L-3 0. 2 . 5 %m^m. 

y ii m M & y > m © m « * ® « -\ © ii ^ li ^ l fc . z. ni: fj . m m ^ 2 0 n to t -r 
^ m mt y > i: * ^ #^ s m m ^ x 1 1 1 ^ - s i mm ± a? ^ l .„ 

C 0 0 I 9 ] 40 

± m © m m x. m © m m m m^mj-^-&^tm # tc . m m m m m « m -r ^ a * m © « 
^ 1 . 4 9 K 1 0 - 5 ^jV '^icmc. fif-&T, y >'M©«i&«^ 1 . 9 3 :•; 1 0 ~ ^ 
ji^ i&^mta'^ ^ft, IP V I I i :ti:m^m I <D V i i i mm ( r , > ^ ^) m 2m 
V I I I jfc ^ ( R 2 ) © 1 2 9 5 . 3 ic ± # ? ■& : 2 © V i J I mm ^ d ©ffl fc 
It It L -J , m m m. Tk tf y ymcDmm^ 5 ic m d « m l t , ± la © n « g ± ic m m 
^30 0 n m i: -r ^ p ff^© y zyitmm^mi^m^Bm hit ... «*«© a*iss$«M«c'N©« 
^ # ± L T y ft ffl! * ^ m » m © ff^ e^^ n t u fc ^ f± . 7K a^ -^^ y r ^^^x t * x 7 ^ > 

i: ^ ;sM^ mf*llffl^rtT' ( 111) -.g|^mieS.a«-&.SSjfi:M©Sffi3£.. BiMS^I 
X U < g j;^ {C Y^riP .L fz 
[ (3 0 2 0 ] 50 
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, ±12 © $^Mim(r)mm m m ^ - la © x mm mmMM. xf ic m^mm mmm m. st is 
L . . xmm mm ^ m x^^c m ? m m f/f w ,^ , m m m. ® » v w n p - c h a i o > [ai 

ff - > ff e, ti . IP « S r- * ^ i: -IS ^ e. fc — .73 "J > it M « * it M (DXU m 

m f* a CO ( 1 1 1 ) - mWamt-^ ^ m it ^ m m v: - ^ o tB ii , $^ n r h ^ * s i ^ m i^ij 

© ^!n < ., ji * jS:^:H i: L fc it :46 , a« ©a;ffl ^:S;-r (1 1 1) - S i ^ g © iE f'J ^« if 

« {f fc fc 4i) i: PI? ? n fz . * fc , -wt^m^m tsmnm ( a f m > ^ ^ « l t u > & a * 

©sffi^ii^ b fc i: d 5 . Sffiw^sfc (1 I 1 ) - V >itmmmM,<D^mB^ 
h T . m 1 (c Pj L fz m <. (DmiE^nm « m m. o « « %n m mmi^x i ^ ^ « 41 is 

^ 41 fc m IE H ft ff^ ® « it IS it a m. © S * *g a © <: .1 1 0 > 13 ^ ¥ ff H — jS: 10 

^ fc » |tj L T I, vfc , 
[ 0 0 2 1 3 

2 mmmx'it . ^nm^timi^^ ^) >%:mm^mitm^m^izmmmmm^mmh,r l 

E D ^ vf'F » -r S « ^ i& 11 iC L r . * ^ £D § ^ A # :iC M m ^ . 

[ 0 0 22] 

S 2 (C * m 2 m M M iC M ^ L E D 1 A © ¥ B M ^ 0 % ^ "T . ^ fc: , H 3 IC t± , S 2 ic ^ f 
W X - X • {C r> fz L E D 1 A <0 « It ^ B % ^ -T . 
[ 0 0 2 3 ] 

i:l2 CO S 1 ^ gftM i: fal « © S {c d; «9 . p » © ( 1 1 1 ) - 8 S 1 0 1 ± , 20 

V \ I I J:t * ^ R 1 ( = 1 6 . Q ) i: L T W m h V :/ h ^m tS IP ^ « « 1 0 2 ^ a la fig 
m. Z , * ^ V /• si I \ it m -^ R 2 ^= 1 2 :9 5 . 3 ) t L t p y ^' •ft 5i * l^ « #: ;S 
1 0 3 % ^ ffl fig S ^ ^ fc , * 2 * m i^ i^ ^ L E D -e f± , m m it CD I 1 1 1 ) - V >- ft: 

ii,a*is,:^BA^ P. s:^ p m V ly^tmmmmmm i q 3 ^f ^ ^ ^ 1 0 3 t i.xmm l 

m z :■: I 0 ' ^ c m" 3 T'fe-^fc. 
[ 0 0 2 4 ] 

F as V 'y F M l 0 3 i: i4 . M l 0 4 Si tJ^' n B V > ft II MM ^ J: g|5 ^ ^ -y F 

m 1 0 5 *jii^ms^^T L E D 1 A mmoDmmmmit i b ^^sg Lfc. :^*« i o 4 1± 

■n mom it if V 1. • ^ >- >>■ )g H ( G a I n 1 _ N ) S P> « fiSc L fc G a I 30 
n J _ ^ N S i* , F y ^ 71/ y i ( ( c H 3 ) 3 G a ) F V ^ ^ & 4 > i ( 

C H3 ) 3 In) y'i^^.^ir ( N H 3 ) y^mm (M 2 ) s js^ © M o c V D ^^ft a L 

X 8 5 0 'CXW^mvrz , 7^yjmt^Jl^'y^MBm<DGei^ I n , _ X N © 'i' V S^* a' 2^ ffi « it 

( = 1 - X ) ii , p m y > it m m^mit m i o 3 © « m % ^ -r y > ft 51 * © ( i i 1 > - 
MrsBicgjatc^M-r ^ y i^fbwK© 11 10} -mwBM'Dmm im3. 2 1 A) ic^m 

•r ^ a ta O ? € S t a. s i; -5 {c 1 0 % ( = 0 . 10) i: L fc , :ifL (c , F y x ^ jUi « © 
Sm*ffl#-rsm:^fB7j<*;Si\XS:I^*X7 ^- > © m W fig »M« ©^ ibP ^ W W L T . ±f|5 
^ ^ -y F g 1 O 5 ^ -r n ff^ © y > ft El * IS H S * ff^ fig L . n fl5 y > ft W « m Wn M 1 0 
5 © @ 0 i± 3 0 0 n m i: L fz ^ fc , ii © « » C - V S t ^ t> S ^ l tz n m 1 0 5 

©4^ y T SS iiii a ;< a o ' ^ c m ~ ^ Jfe fe o F y x^ 4/ii*c)mm^ii#f- 40 

Mm 7j< * X © m ffl fig « nl « © # 1m ^ # ih L T . n JF^ y :y ft ffll * IS S W 1 0 5 © fig ^ 

J L fz : © M > y > ( p H 3 ) 1 7j< y T X © ?E a- » a a * « m m f* 
1 A © fgt s % m 6 0 0 'c ic m u l fc ^ © , m fig « si « © p h 3 © « m ^ » ih l , 
H 2 ^ ^ 4) -e « » i»i3a # 1 Aj&^jsjfi^^^. ^spvfz: 
I 0 0 2 5 ] 

mmmmit 1 b ©^«^ n jf^ y :^ft:ii:««g:H^BH.:^^ ^. & s ±§13 ^ -y f m 1 0 5 © Rfi* 
m ic M , iw[ « 1 0 5 ic m m -r ^ fo ic & • v .r^ i» ■( a u • g e ) -a- & m * ia « l tz a 

u • G e :^ -y ^ 7F ( N i ) A u © 3 « fi a «ig *^ t. 5& « n ^ — 5 -y 1 0 7 

is i3- /i : ^gisffl©#ffi < p a d ) m m ^ m u ^ n — ~ y ^ Mm I 0 7 ii , mm^ m i 
5 0 ji m ft ^ n B © m m t l /c . s y-c, p ff^ a « a *g i o i © k e © is ^ m ic it 50 
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, a ( A u ) f)- P. & s p 5 y ^7 mm 1 0 8 ^iBB L fc , A u mmm^^mw m 3 n 
m t i^ft , z. n <t *3 , n mm ftm 1 q 4^ pm y > t: n * a 1 0 3 wcxf n m v > itmm.m 

I 0 5 L fc p >n » ^ a D ;H « ifi © L E D 1 A « « L fc . p M 'J V ^t a m S 1 0 3 

1 0 4 ic M -r « :» s M ( c 1 a d ) m t L r mM ic m m r- # fz , 

I 0 0 2 6 ] 

G ;t m i: -r IE 73 0 © ^ >y ( c h i p > Iz^ mhfz, T M ^ F JB 1 0 3 © ( l l l 

) - V >itmm^mi^m ^^-r < i i i ) -mi^m^it. -m^<i i o > i«i t i; 
ii: m M ^ ys ioi xc m ic la ■ l r \^ ^ fc 45 , < i i o > 15 © m m s ^ % * 10 

fc n # :t — 5 -y ^ « 1 0 7 i: p — 5 <i' mm 1 0 8 i: © J^: 11 fRi 2 0 5 V 
T T ( m A ) CD ttlfF S 1^ ^ il ^ L fc J: C 5 , L E D 1 A & % 4 4 0 n m t "T 

is « m ^ 7t Jt)^ ^ c. = -mmr^ « 5^ « f !J ffl L T M s ^ n ^ ■J' frnm-^ ® w s i± 9 

5 y *r V ^ '^ t m c d ) 0 . ;jK SI *!S «<0 L E D I A 5b^ || « * n ^ C t i: * -3 fc . « 

fi. ffll * i: y > i: «: #&»S;K:S i Q 2 I. r ^ p 0 U ^ M* S i 0 3 © 

m. ffi t± ¥ a 'i£ {c « n « © ^ fc fc * . n mmnrn i o 4 t: m ^ w m ^ ¥ m. t -r « p 
n m ^ mm^ m m -e ^ft, ^ic . « h © ¥ p m v >mm m m m w m 1 :o .3 ^ t mm t 
Lfcfci6. mxw 1 0 4mm.mi^wm^ic¥m <o . igp^'^^y k« 1 0 5 t-v^m^ 
m ^ w m © p n m i& « it ^ m m. v ^ it . c © fc 46 . in 75- « j± c m l . jn m m m * 2 0 

m A t V fc if ^ ) ^ 3 . IV t L . jS* :5 (rI « E ( fi L , ^ [nl « ^ 1 0 A i: L fc ±i 20 

B ) ^ 5 y m± t-^ ^ AW^ p n m fir «ii {c a < s -r « y > ftw*^ l e d 

i^m m ^ 4a « SI t t ^ -D fc o 
I 0 G 2 7 ] 

t%ffl©a«3 

* fi m n if . IS y > ft a * * » f* s © t s . * < b ) t y ( p > * 

MM:^ ^ ^ *J . K y >&1I«#W^*S« J;ii a35!3^ > ^ffl^ i 1 1 i } - mMM i: "T S y > 

© « ;K IS s, * ji is 2 fc^#g ra Ji ;6vp, rs ?, j; -5 {c m m l fc © . mm © ¥ ±i 14 « n 30 
m»4i^»#ig7tii? j& fe fc f icmmt? ^ ^ . 

[ G 0 2 8 ] 

* m m It ^ :fc . y ft m m # ^ s ^ ^ -r ± s a? © « m M © -s- ^ © h o- t o 
© M * fi — :^ 1% f c t j- r fa m ^ n x % ic l fc © t? , m ^ * © m a RS « M © ^ 
^ M Si 14 fc m n s y > it m m mm m m^^mlx ummm-r^ fc m s 'Sr ± if s n , l ^ t 
a , fi » * p n ;s a- » tt m m x % § y ^ <t a « ^ ¥ » # * ? fc -r fc « m # ^ 

:[ G G 2 9 ] 

m rc :$i m m -e « . y :^ ft a « * « # m © ± w 8p * -r m « m ^ © s ^ © h « » © - a . 4o 

mmm m^mMU © < 1 1 g > 77 ^fc « $ fc bs n it x$> s j; ^ . a — >s: 77 i«i fc s 
^ ■& T m m -r ^ z. 1 1 L fc © . m m n © < 1 1 0 > m^ (D mm * fj a l t . m 
fc « © y > ft a « * # » f* « ¥ :^»^ m h ^ 

I 0 G 3 G 3 

^ fc . * m m fc ft 4:1 . a *i m m. m fc m m 1 1. a * m t y > m © is )^ tt >^ ^ g . 2 m ± t- 
5 G J.:^ T i: L T 1^ MM<DT m^^ B m. L fc m . a « M t y >' M © m & itm ^ d ^ ^ 5 

0 0 J-X ± T- 2 0 G Q tXT i: PfeiEH ftJl^© {1 1 l } - y ft a^ 5 S « « 

ISH ^ IfsH H ± fc fiSc S 5 -l± ^ C fc i . ±H SI?* y > ft a« * b^b g ^ B r!c 
§ c i: i; L fc © T , « M, m © IS H X Pfi ^ S /Jn ^ < . M H © ¥ S '14 fc « ti , # ffl fc m « ffl 

gij oj m 1- ^ © % it ^ § ^ fc -r ^ y > (t a ^ m is n m ^ t fc 6 -r fc a m.tf%^ ix s ,:. so 
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ft m * * m » ±m ^^m-r m ^ m ^ . 
[ m 2 ] * m m <n m i n m m m ^ l e d o w-mm ^ m « , 
im 3 3 m 2 {c ^ -r L E D ® ikis x - x ■ icm -o icmmw^^m x^h^ . 

1 0 ¥ H » :K % Pfe IE H ft Jl^ i: -r ^ U > ft W « *M Si)^ % « *g « M 
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